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Abstract  
Sludge land application is now one of the most promising approaches for disposing urban sewage sludge at home and abroad. 
Particularly in the northwest loess areas, sludge that abounds in organic matters and nutrients including N and P is applicable to 
improve the barren loess with loose structure. Meanwhile, sludge with heavy metals is another research subject of concern. This 
study selected corn and wheat (two main crops in northwest of China) as test crops, and the loess added with different dry 
weights of composted sludge as experimental soil. The crops were planted in pots to compare the influences of different dry 
weights of composted sludge on the seedling growth of the crops (corn and wheat) and the absorption of heavy metals (Ni and 
Cd). The result indicated that composted sludge with dry weights ranging from 1% to 10% can promote the seedling growth of 
corn and wheat and 1% was optimal for the growth with increases about 14% and 3% for corn and wheat respectively. While 
more than 10% of dry weight can inhibit the growth and the inhibition effect kept pace with the dry weight of composted sludge. 
At the end of the experiment, majority of the Ni and Cd were still accumulated in the matrix and the absorption coefficients of Ni 
and Cd in crops were about 0.02-0.17 and 0.02-0.12 respectively. Comparing with the control experiment, sludge land 
application can improve the performance of the loess and provide Ni and Cd for corn and wheat. When 5% and 10% of 
composted sludge was added, the content of Ni and Cd contained in the experimental soil met the secondary standard (pH>7.5, 
Niİ60 mg/kg and Cd İ0.6mg/kg) set by the Environmental Quality Standard for Soils (GB15618-1995). Therefore, to apply 
sludge in land use, the annual addition amount of sludge needs to satisfy both the Disposal of Sludge from Municipal Wastewater 
Treatment Plant-Control Standards for Agricultural Use and the Environmental Quality Standard for Soils. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of Tsinghua University/ Basel Convention Regional Centre for Asia and the Pacific. 
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1 Introduction 
China as a country with widest and thickest loess in the world, 6.6% of its total land area is covered by loess, 
which accounts for 4.9% of the global loess area. Malan loess is the typical eolian loess and main parent material 
with loose structure in the Loess Plateau region, and its main component is silty soil. Meanwhile, a large amount of 
soluble salt is contained with the content of organic matters usually varying in the range of 0.7-1.5%. Therefore, the 
nutrient deficiency makes it hard to meet the demands of plant growth. 
In recent years, China has seen fastest urbanization at largest scale in the world. As the urbanization level and 
the amount of sludge treatment increase annually, sludge yield per year in China is expected to reach more than 30 
million tons soon1. Therefore, it has been the solid waste which is most difficult to be disposed following municipal 
solid waste2. At present, land use is regarded as one of the most promising methods among various ways of 
disposing sludge3, 4. Many countries have utilized sludge as an organic fertilizer resource in field planting. 
Especially in the loess areas with barren soil, the organic matters abundant in sludge can improve and remedy 
drawbacks such as insufficient water stable aggregate structures, and poor water and fertilizer holding capacity 
caused by the loose structure of silty particles. The returning application of sludge organic matters not only solves 
the problem of sludge disposal, but also develops organic resources and improves the soil fertilizer, which further 
increases the plant yield 5-7. Therefore, the sludge land application is endowed with more prospects and significance 
in Loess Plateau region of China. However, because of the deleterious materials contained in sewage sludge such as 
heavy metals, the long term and large scale application is expected to give rise to the accumulation and migration of 
heavy metals in soil8. Therefore, the heavy metals in sewage sludge have been paid much attention in land use of 
sewage sludge and restrict the development of sewage sludge land application to a large extent.  
Few researches have been performed on the accumulation and migration of heavy metals of sewage sludge in 
soil. Huang Gang et al.9, Mbila et al.10, Baveye et al.11, Bergkvist et al.12 and Toribio et al.13 conducted their 
researches respectively on the desert soil in north of Shaanxi, China, sandy soil in Nigeria, silt loam soil in the 
United States, cultivated clay in Sweden and forest soil in Mediterranean. Their researches demonstrated that heavy 
metals contained in sewage sludge accumulate and move in soil to some extent. Plant absorption is one of the 
important ways for heavy metals entering into food chain. And the evaluation on the total amount of heavy metals 
entered into plant is of crucial importance for risk assessment and environmental management. Owing to heavy 
metals are likely to accumulate in soil and plants, plant absorption brings potential hazard to animals, plants and the 
environment14, 15. The commonly seen heavy metals in sewage sewage sludge include As, Cd, Cr, Cu, Hg, Ni, Pb 
and Zn. As demonstrated in relevant studies16, 17, although contents of Ni and Cd are low in sewage sludge, their 
carcinogenicity, toxicity and activity are expected to severely jeopardize the surrounding environment. Therefore, 
the accumulation and migration of heavy metals including Ni and Cd have attracted wide attentions.  
This experiment belonged one of the series studies of composted sludge application in Loess Plateau areas. 
Corn and wheat, as two main food crops in Northwest loess area of China, are widely planted with strong 
adaptability. The Malan loess in Lanzhou, China with different added dry weights of composted sludge was applied 
as experimental soil in the experiment. Meanwhile, the pot culture cultivation was adopted to compare the influence 
of composted sludge in different dry weights on the seedling growth of corn, wheat and the absorption of heavy 
metals Ni and Cd. The experiment can provide evidence for formulating technical index system for risk assessment 
and scientific management in composted sludge applied loess areas, as well as the determination of a reasonable 
application amount of composted sludge. 
 
2 Materials and Methods 
2.1 Test materials 
The experimental loess was taken from the hillside of Cuiying Mountain in Yuzhong Campus of Lanzhou 
University, where the surface layer of 0-40 cm is the Malan loess (Q32eol). Its main texture is the silt with the size of 
0.075-0.005 mm and proportion for 80%. After the loess samples were selected, the samples were naturally dried, 
filtered through a sieve with hole size of 10 mm, and sacked for experimental use. The dewatered sludge taken from 
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Qilihe sewage treatment plant in Lanzhou, China was mixed with farmland straw with the proportion of their dry 
weights for 7:1. Then the mixture was composted by manual turnover in static and aerobic conditions for two 
months to produce the stabilized composted sludge. Afterwards, the composted sludge was crushed and sacked for 
use. Its physical and chemical properties are illustrated in Table 1. 
 
Table 1. The physical and chemical properties of test loess and composted sludge and the content of heavy metals 
Material pH 
Bulk 
density 
ggcm-3 
Moisture 
content 
% 
Organic 
matter 
% 
TN 
% 
TP 
% 
Cd 
mggkg-1 
Cu 
mggkg-1 
Zn 
mggkg-1 
Ni 
mggkg-1 
Pb 
mggkg-1 
Loess 8.36 1.43 6.54 1.26 0.20 0.22 0.35 29.56 60.19 49.44 31.96 
Composted 
sludge 6.38 1.07 8.21 21.01 1.92 2.14 2.10 91.73 234.69 79.76 70.28 
 
2.2 Experimental design 
The corn and wheat seeds taken from market were applied as test seeds. They were firstly soaked in 0.05% of 
patassium permanganate solution for 1 hour, and then washed by deionized water for 3 times. Afterwards, the filter 
paper was utilized to sip up surface moisture of the seeds. The composted sludge was thoroughly mixed with loess 
in different proportions, and the obtained mixture was called the experimental soil. Then, 700 g of experiment soil 
was put into a paper cultivation pot with the upper, bottom diameters and height respectively as 13 cm, 10 cm and 
10 cm, and irrigated with 250 mL of deionized water. The mixture was then stirred evenly. Five days after the 
stabilization of the mixture, the seeds were planted uniformly with the sowing depth of 0.5 cm. The cultivation pot 
was placed in the sunlight in indoor, and the field capacity was kept approximately 60% every day.  
This experiment lasted for 50 days. The germination rate was counted every day during the seedling stage. Two 
days after the germination, the height and growth vigor of plants were observed daily. When the experiment was 
finished, plants were firstly separated from the soil, cleaned up using deionized water, and dried at 72ćfor 48 hours. 
After weighing the dry weights, the crops were crushed and sacked for experimental use. After the separation, soil 
sample in the pot was collected, air-dried, crushed, sieved, and packed for use adopting the quartering. Six programs 
were established in the experiment, each of which contained 3 parallel samples. So there were 18 cultivation pots in 
the experiments. Among which, program 1 was the loess without composted sludge, namely, the control group, 
represented byĉ. The proportions of dry weight of the added composted sludge in other 5 groups of experimental 
soil were respectively 1%, 5%, 10%, 25% and 50%, and recorded asĊ, ċ, Č, č and Ď. Where, the proportion of dry 
weight refers to the proportion of dry weight of composted sludge to the dry weight of experimental soil, with their 
unit as g. 
 
2.3 Analytical methods 
To measure the total amount of heavy metals in soil sample, the nitric acid-hydrofluoric acid-perchloric acid 
digestion method was firstly utilized. Then the SOLLAR AA M6 flame atomic absorption spectrophotometer 
produced by Thermo Fisher, the USA, was adopted to detect the content of heavy metals. The total amount of heavy 
metals in plants was firstly detected using the nitric acid-perchloric acid digestion method, and the contents of heavy 
metals were tested using the same method above. The potassium dichromate-sulfuric acid oil-bath method (NYT 
1121.6-2006) was employed to detect the organic matters in soil sample. Meanwhile, pH value of the soil sample 
was measured using electrode method (NY 525-2012) and the dry weight of dried crops was determined using 
weighing method. 
 
2.4 Quality assurance 
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The quality control was carried out in the experiment by using 20% parallel samples, standard spinach samples 
(GSB-6) and standard soil samples (GSS-1), and the error was controlled for no more than 5%. Meanwhile, the 
reagents were all no less than analytically pure, and the experimental utensils were all soaked in 10% nitric acid for 
more than 24 hours in advance. 
 
2.5 Data processing 
Microsoft excel 2007 was utilized to analyze the obtained data and draw figures, and SPSS 19.0 statistical 
software was employed to conduct the data significant test and correlation analysis. Meanwhile, the following 
parameters are introduced: 
Germination energy (%) = germination number of seeds within 4 days/ the total test seeds *100 
Germination rate (%) = germination number of seeds/ the total test seeds *100 
Accumulation coefficient=concentration of heavy metals in soil after planting/concentration of heavy metals in 
soil before planting 
Absorption coefficient= concentration of heavy metals in plants/concentration of heavy metals in soil before 
planting 
 
3 Results and discussions 
3.1 Comparison of the growth of crops during seeding stage in experimental soil 
Table 2 illustrates the comparisons of the germination and height of corn and wheat in 6 programs of the loess 
modified by sewage sludge. 
Table 2. The germination and average height of crops in different experimental soils 
Program 
Corn Wheat 
Germination 
% 
Germination rate 
% 
Average plant height 
cm 
Germination 
% 
Germination rate 
% 
Average plant height 
cm 
ĉ 0.00 80.00 17.50 77.78 88.89 21.30 
Ċ 0.00 86.67 19.70 94.44 100.00 21.40 
ċ 0.00 80.00 20.40 100.00 100.00 21.20 
Č 0.00 86.67 19.20 77.78 88.89 19.80 
č 0.00 86.67 12.40 66.67 100.00 17.30 
Ď 0.00 100.00 3.20 0.00 61.11 5.60 
Note: The data were the average value taken from parallel samples (n=3) 
As demonstrated in Table 2, the germination time of wheat was prior to corn. As no corn germinated first four 
days, there was no comparability in terms of germination energy among corns. Meanwhile, the germination energy 
of wheat in programs Ċand ċ was obvious superior to that in the control experiment ĉ. The germination rates of 
corn and wheat both exceeded 60%, and the germination rates of other programs were all no less than that of the 
control experiment ĉexcept the program Ď of wheat. With the increase of the dry weight of composted sludge, the 
crop height was increased firstly followed by a declining tendency (Table 1). Among which, the average height in 
program Ċ was higher than that in control experiment ĉ, whereas program Ď was significantly lower than that of ĉ. 
Therefore, it can be seen that the composted sludge with dry weight of 1% can promote the germination and growth 
of corn and wheat, whereas more than 10% played an inhibition effect. Especially when the dry weight of 
composted sludge was 50%, the average heights of corn and wheat were respectively 18.3% and 26.3% of the 
control group ĉ. This indicated that crops were resistant against the excessive composted sludge, which was in 
agreement with the research results of Wang Xiaodong et al18. They believed that plants can cope with threats 
through adjusting the intercellular CO2 concentration the photosynthesis cells, so as to prevent the plant cells from 
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being hurt.  
Table 3 demonstrates the dry weights of corn and wheat during seeding stage in 6 programs. 
Table 3. Dry weights of the crops in different experimental soils 
Program 
Dry weight 
Corn/g Wheat/g 
ĉ 0.86±0.03bc 0.51±0.01d 
Ċ 0.97±0.14c 0.52±0.02d 
ċ 0.87±0.01bc 0.28±0.03c 
Č 0.76±0.01b 0.16±0.00b 
č 0.45±0.04a 0.15±0.02b 
Ď 0.43±0.04a 0.07±0.01a 
Note: The data were the average value ±standard deviation (n=3), and the lowercase  
letters indicated the difference within group (P<0.05). 
 
As demonstrated in Table 3, with the increase of composted sludge, the dry weight of crop increased firstly and 
then declined, which was in accordance with the variation trend of height. Meanwhile, the dry weights in program Ċ 
and program Ď were respectively slightly higher and far lower than that of control program ĉ. In addition, when the 
dry weight of composted sludge was 1%, the dry weights of corn and wheat were respectively 1.14 and 1.03 times 
higher than those of control program ĉ. However, in case dry weight of composted sludge was 50%, the dry weights 
of corn and wheat were merely 0.50 and 0.13 times higher than those in control programĉrespectively. 
Above all, when add a small amount of composted sludge (1%, 5% and 10%) to loess, it was beneficial for the 
germination and growth of crops, which was similar with the research results of Li Guoxue et al19 and Singh et al 20, 
21. The former discovered that when the application amount of composted sludge was more than 25%, the dry 
weight yield of crop reduced significantly. The latter found out that sewage sludge can not only improve soil 
environment, but also increase the crop yield. Previous studies22 demonstrated that in the process from the germ 
stage to the appearance of radicle, the radicle was required to break through the seed coat to absorb water. As a 
result, the accumulation of heavy metals in plant roots and their threatening effects were expected to be strengthened, 
and then their influence on plants was increased. Meanwhile, owing to the conductivity of sewage sludge was higher 
than that of the soil, the application of sewage sludge was expected to increase salinity of soil23 and further 
jeopardized the normal germination and growth of plants. When the additive amount of sewage sludge exceeded 
certain proportion, its adverse effect was expected to outweigh the favorable effects and inevitably posed inhibition 
on the germination and growth of crops. 
 
3.2 The variations of Ni and Cd in experimental soil and the absorption of Ni and Cd by crops in seeding stage  
Figure 1 indicates the accumulations of heavy metals Ni and Cd in 6 different experimental soils after planting. 
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Figure 1. The accumulation coefficients of heavy metals Ni and Cd in 6 different experimental soils 
As shown in Figure 1, a majority of heavy metals Ni and Cd accumulated in the experimental soil, accounting 
for 58%-89% of the experimental soil before experiment. The concentrations of heavy metals Ni and Cd after 
planting were in direct proportion to the additive amount of composted sludge. Meanwhile, the accumulation 
coefficients of Ni in the soils of corn and wheat in same experimental program were in agreement with each other, 
whereas the accumulation coefficient of Cd was obviously various. This indicated that the retention of experimental 
soil to Ni and Cd varied, and the retention proportion was Cd>Ni. 
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Figure 2. The absorption coefficients of corn and wheat for Ni and Cd in 6 programs 
Figure 2 illustrates the absorptions of Ni and Cd by corn and wheat during seeding stage in 6 programs. 
According to Figure 3, the absorptions of Ni and Cd by wheat were obviously lower than those by corn. The 
concentrations of Ni and Cd in experimental groups of Ċ-Ď were gradually increased with the increase of 
composted sludge in comparison with the control group. But the corn had basically the same absorption capacity for 
Ni and Cd, with the absorption coefficient kept in low level ranging from 0.02 to 0.05. In contrast, the difference 
between the absorption coefficients of Ni and Cd for corn was great. However, both the absorption concentrations of 
Ni and Cd by corn and wheat were low, with a maximum absorption coefficient only 0.17. According to the 
calculation, the absorption coefficients of Ni and Cd by crops were approximately in the range of 0.02-0.17 and 
0.02-0.12 respectively. 
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3.3 Discussions 
Sewage sludge is rich in organic matters and nutrients including N and P. Therefore, the application of 
composted sludge in barren loess is supposed to inevitably improve the content of organic matters in the loess, add 
necessary nutrients for the growth of plants, and increase dry weight of plants. Meanwhile, because the composted 
sludge belongs to aggregate structure with weak acidity, its application can reduce the alkalinity of loess and 
improve soil environment, which is beneficial for the plant growth. After planting, significant correlations were 
found between the heavy metals contained in soil and the organic matter and pH of soil. Particularly, the organic 
matter was extremely correlated with Cd with their contents respectively as 0.995 and 0.997 in the soils of corn and 
wheat. The analysis results are illustrated in Table 4. 
 
Table 4. The Pearson correlation coefficients between heavy metals contained in soil and the organic matter and pH of soil for different plants 
Properties 
Corn Wheat 
Ni Cd Ni Cd 
Organic matter 0.963** 0.995** 0.881* 0.997** 
pH 0.958** 0.936** 0.742 0.946** 
Note: ** represents P<0.01, which indicates extremely significant correlation,  
and * represents P<0.05, indicates significant correlation 
The concentrations of Ni and Cd in composted sludge were respectively 79.76 mg/kg and 2.1 mg/kg, which 
were within the limits of 200 mg/kg and 20 mg/kg respectively set by the Control standards for pollutants in 
sludges from agricultural use (GB4284-84). Meanwhile, they conformed to the requirements for A-class sludge 
(<100 mg/kg and <3 mg/kg) set by the Disposal of sludge from municipal wastewater treatment plant-Control 
standards for agricultural use (CJT309-2009). The concentrations of Ni and Cd in experimental sludge accounted 
for respectively 79.76% and 70.00% of the concentration limits for A-class sludge (CJT309-2009). The 
concentrations of Cd in experimental soils č and Ď both exceeded the limit regulated by the Environmental Quality 
Standard for Soils, whereas that of Ni merely exceeded the limit in program Ď. 
 The main factors for the migration and transformation of heavy metals in soil include the lixiviation of rocks 
by water, precipitation and adsorption. Because the lixiviation of feldspar and the calcium carbonate which are 
abundant in loess increase the concentrations of alkaline ion HCO3-, alkaline metals, and alkaline earth metal ions 
including Na+ and Ca2+, pH of soil is increased. Meanwhile, pH is an important influential factor for the adsorption 
and desorption, migration and available forms of heavy metals24, 25. Although the addition of acid sludge (pH=6.38) 
can reduce the alkalinity of loess, the experimental soil was still in alkalinity for its pH=7.79, which had little 
influence on the activity, migration and toxicity of heavy metals. The components determining the alkalinity 
included HCO3-, OH- and CO32- ions, which can generate the hydroxide and carbonate precipitation by reacting with 
heavy metal ions, enabling Cd2+ and Ni2+ to produce stable precipitates in soil. Furthermore, when composted sludge 
containing abundant organic matters is applied in loess, it can reduce the absorption of Cd by plants by improving 
the content of organic matters in soil26. According to existing studies, multivalent cation is capable of linking the 
humic molecules together to form a chain structure, leading to the coagulation27, 28. The two effects mentioned above 
are favorable to the stabilization of the heavy metal fraction. 
The experimental crops absorbed little Ni and Cd, and most of heavy metals contained in sewage sludge were 
accumulated in the soil. According to relevant studies, the clay minerals in the experimental soil mainly came from 
the loess clay particles. As to Malan loess of Lanzhou, China the clay particles accounted for approximately 10%-
20%29, in which, the clay minerals or the surface of clay-humic colloidal particles can adsorb and then detain heavy 
metals in soil. Heavy metal cannot be absorbed by plants and affect plants unless it enters soil solution in a dissolved 
out ionic state. In addition, the absorption of plants for heavy metals was also related to the characteristics of root 
soil and the intrinsic performance of heavy metals and plants, and therefore, the absorptive amount was little. 
 
4 Conclusions 
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(1) As demonstrated in the pot experiment of loess improved by sewage sludge, the composted sludge with dry 
weight ranging from 1% to 10% can promote the germination and growth of corn and wheat. Otherwise, the 
excessive amount was expected to delay and inhibit their germination and growth. Meanwhile, the degree of delay 
or inhibition was increased with the increase of the additive amount of composted sludge, and related to plant 
species. The germination of wheat was restrained when dry weight of composted sludge was 50%. 
(2) The concentrations of Ni and Cd in experimental soil increased with the additive amount of composted 
sludge, and the concentrations of heavy metals Ni and Cd in composted sludge were within the limited 
concentrations set by GB4284-84. After planting, a majority of heavy metals was accumulated in the experimental 
soil, and the accumulation coefficient was in range of 0.58-0.89. Meanwhile, the absorptions of Ni and Cd were both 
low, with the absorption coefficients ranged respectively between 0.02-0.17 and 0.02-0.12. It can be seen that the 
application of composted sludge in loess will not endanger human beings in short term under the controlled 
condition. But a complete application, administration, detection and monitoring system is required to be established 
for the long term application, so as to prevent heavy metals from polluting surrounding environments. 
(3) The implementation of composted soil can significantly increase the content of organic matters and adjust 
the pH of loess. The amount of organic matters in the loess improved by composted sludge was proportionate to the 
additive amount of sewage sludge, which can be demonstrated by the increments of organic matters in five programs 
in an increasing order as F1 <F5 <F10 <F25 <F50. Meanwhile, the acid sludge with pH of 6.38 can weaken the 
alkalinity of loess and make it close to neutral. In addition, the aggregate structure of sewage sludge can improve 
characters of loess, thus resulting in loess more preferable for the growth of plants. 
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